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Abstract

With the development of the business diversity, the main character of the optical
network in the future is dynamic and scalability. However, the demand for the network
business is far more than the rate of the network survivable technology updates. A
network failure will cause a huge loss of data, or even could have disastrous
consequences for the entire network for the high speed data transmission in the optical
network. Consequently, using network fault protection and restoration methods, the
problem should be solved, which the business availability is decreasing with the
wavelength capacity increasing rapidly. In the transparent optical network, the fault
localization is the prerequisite for the fault protection and restoration. When a network
failure occurs, the faults location need to be found using the appropriate mechanism, and
then the operations of fault protection and restoration is applied. In order to reducing the
losses effectively caused by the network failures, the fault localization methods should be
accurate and rapid. Therefore, the methods for link failure localization in the optical
network are proposed in the paper.

In the paper, based on the knight’s tour theory, a novel strategy for the single-link
failure localization is proposed. Due to there are some nature of relations between the
network topology and chessboard, a fault localization model is established by the
chessboard based on knight’s tour theory. A degrees aware node splitting method is
proposed in the localization strategy. Then, the nodes and links of the network are mapped
on the squares and steps of the corresponding chessboard. And the connectivity between
the nodes and links is reflected on the chessboard. Meanwhile, the static mapping table is
established between the network and chessboard. Subsequently, based on the knight’s tour
theory, the probing signals are sent periodically to detect the network status in real-time
manner. By searching the static mapping table, the single-link failure is located according
to returned fault information once the link failure is detected. In the case of achieving
unambiguous failure localization of any single link failure in the network, the localization
time and cover length of links are analysis. Numerical results show that the single-link
failure can be located effectively and rapidly by the proposed strategy, which uses less
network resources.

For the multi-links failure localization in the optical network, a mechanism based on
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knight’s tour theory is presented. And the localization mechanism consists of four phases:
initializing, network element abstracting, detecting and matching phases. Firstly, based on
knight’s tour theory, a multi-fault localization model is established. By using the method
of network element abstracting with constraints, the nodes of the network are mapped on
the squares of the corresponding chessboard with the holes, whose size is large enough.
Secondly, the probing signals are sent periodically at the spare nodes in the network; after
a period of time, the effective light-paths which are received at the destination are stored
in the list. Therefore, the fault links are computed by matching the links in the list. In the
terms of time and space complexities are evaluated for the proposed mechanism in the
paper. Meanwhile, the fault localization probability is simulated. And the simulation
results show that the proposed fault localization mechanism can be achieving
unambiguous failure localization, under the conditions of guaranteeing rate of service
request in the network. And the time complexity is relatively lower. Hence, an effective

technology is proposed for solving the link failure localization in the network.

Keywords: optical network, knight’s tour, fault localization, performance monitoring
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MBS | K AR, BT LUE T R 5 A R i P R R — AR B R AR,
R —ANMIEEE RSB R A, T B AR B A L T P 3L
o R 2.1 HiEMERIMEAEESEENNEPHEATERERENERNEE
R, BTEEQHNGHHEHRINEERE, HLARENNE 2 REMEEE
i, AREHE X P& I — R R K .

o - BEWEE
K —
Ly B A
Rt
() BN (b) a0 P s o B A
Bl 2.1 M P e s A Y
F 2.1 B ke i A UL R
Link { ¢2 ¢l ¢0 | Decimal
onlo 1 1 3
©02{0 0 1 1
©3»i0 1 0 2
w21 o0 1 5
a)tft 1 0 6
eHl1 0 0 4
BG4Hl1 0 0 4

HAT, P BT BN B AR R B S, RS
B e A B ik B B R A G EAK 5 R Heuristic Depth First Searching, HDFS)
Bk, B4 % BEK LA (Shortest Path Eulerian Matching, SPEM)E A1 8 &K A4 AR
W (Heuristic Spanning Tree, HST)& ¥

BRAGERABZEEPWEERRNT, BRE-ANERNEGY,E)F,
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BRI RER R FoF HWEEMUE

MR AneV s, FAFRERARRELERG PRFEERE, $ORNIN
WAREGV,E). UNT AN Ry ke WifiHet, WRyeV, M—EF
B—4B2 p(y, 1) eG, BHHXFBERMNERe(x,y) EHT —1B.

540 M A RRhr DU AT B 10 B AR R A F RR R L RC S s e IR AT B Y R A BR
fE. BANTFEAIRNE, BFEE—KNE, cEEETHIEERE—KABN
—K, NSl Rk R R, BRI RS ER, BT —AME,
BB EPBEZBETHTE SR RERNEKERSY, BRNERERR
¥BE. BELRYE, KEEESHRTENES, EETHEYT RN RN
ARPFEME R, AATREPHEREEN T K.

BERRERWEEPOTERERI ERCERNERRERN, RRELH
BGV,E)b, HAEEBREPEBRRANY SENERNT R A, HFHER
HEMEERERBNERW T, FRKSXEERENNETRRAT F: R
BEHTHPEMNASAET R A RNEERE, EFT PEHERNTRER
B, RS ZRY AAEN BARET PRERMTABAZRIT P. BELAHN
TR P RE N ARARIERMT B, FFEPAEPAET PREREANZ,
BIS A I, TOIX 2o 32 58 A P 4% B B R B 7 B A B U

BB 2 A B A R P BB MR I R R B R R LR BT
WSS BH =ANH T, 4 AL = R 35 3% P 4% o f) B A B B AR AT E AL
MR EFE T, HST itk HDFS &k, SPEM HAAFEFRIRATA,
X = EE S e EEY R T EER A THR N RFEREDH ML
A, HATESRAESTR20]T A FANN R,

222 Wi E L E %

USRS E)E, BESEEEEMMETEERN 2 WA, 7
ETCERE 5% SAREI — & 5E R A 5, FEit Wu Bin % AStXBEIR &,
BT —FERE N NAER TR, BTRERRRSHRE T R RRE RN
RiEW, FLETEREBAREMN, R riRmE. JE0E 5T s Rk
(monitoring trail, m-trail) i), —&MMZEE B RKELF—AM VTR, BR—FE#
BAgET—K, WE 22 BERIER T AEEKES R S HREEMSES
B AL, M KEIEN T-a-b-ca-deR H T-acbadeR BT, KPER—I
WK T HARPE R EEFRF MBS R, SRR UEERERN R
Wit B 2.200)K 6 m-trail EyE A HEBBRNPMSHIE, b TRHMNETEH
BiA sk, BT =400 {t0,0,02) RETHIR, B4 m-trail 4-5)K:

12



ERIFEAFHERX BoF s

t0: 4-2-0-1-2, t1: 4-3-1-2-0, £2: 0-3-1-0-2, T MEF KA KT EET m-trail
WA EORES, SUBiT m-trail FEERIBES, BT LU T R4S oh b i o v B
R, %224 mtrail HEBREDER, NRFTTUEHRMERHPHGLERET
ME—HERARIDME, B m-trail ST DAXT PSS A ) RS R AT SR 2 B AL

(@) Mamig (b) Ml e fr s A

P 2.2 s s A bR Y
R 2.2 IR RARER
Link {2 t1 10 | Decimal
onj1 o 1 5
021 1 1 7
©3){1 0 0| 4
2o 1 1 3
a1 1 ol 6
@aHlo o 1 1
GAH|0 1 0| 2

155 FF) -teail 5 O B AR O L 0 Pl M 0 28 R A A BE AR A, 7
AT LB T metrail MR S KEERER, W0 T B/MLBIIRA, 7
ERATER M D W3R B R R B K. STRR[21]s [22]s [29)% 3CmRAP 4R
B/ MU RA R FERAT T RANS TN E, FFERMERHETT K.

2.2.3 ERAiL RS LE L ER M HEE

1 R A4 &% B IS A2 (Limited-perimeter Vector Matching, LVM) WX 2 H.T.
Mouftah Z4E 2 3 F TR R 't P £ £ ) B e 2 O ) BB A — FP D SUBLR), ER
—RaHRGEEENS, RERTNENREEN, FELTRE, EEUEMT
B TR AR A B B R s AL L

LVM P8 B MR P A A EERS R A Z . B, £#. LEAESH
AN, LVM P =B R RIS h R A BB A (K TT BB B MR SBIZE— AN B/ IR

13



B RIF RSB0 3C BoE WEERAS

o, T A SRR 5 A (OB R S () A, B, iR IR BR sink 15 R
b, KBEBIPTAE IR AR ERUATEREDRNE S RE T RFRNIIE,
Bt LVM e Bt AR R Bk R A S AT R (S S AR A ML
%%, NBRAREHAI T ERNBRE. SMERESREN, Bd—HiEE
sink F7 B TIEEEL S, o LARIEIRE P RE SR EREL, TR
T AR LR B sink T A BEAS L LB Y sink 5 5 E B L R L ARRE, JIXA sink R
PR A EAT sink (Potential Executive Sink, PES) T4 /. WISRAHRHIEA X E# OXC
FRYBOBRBRIE—%, NiEHBENLEIED PES ¥ al, LVM YhlHHiEE
ALHFZI T BTR:

(1) —EMEPRRELAERRERRE, BoET%&cERNTALREERR
g, FEABTILEE sink T AESENENE S BRI B HIRRFE.

(2) sink F5 IR B RS , HEHE B W6 EE T BT L BRI sink 5 KL4E A PES,
Rt EE— N EEERICEANAEN R, ®h, EEERRSTHRERSHR
ERBEKE.

) & —MEERANE, RS PES W AZPKEIXR BHE PES WA KEM
EEEMEER, REHREN PES FEERTHBAKE, SEREBRREERR
i PES 4E3 E3)$44T sink ¥ & (Executive Sink, ES), HESBRERRNEERFET
FFAELA PES, NIiE#HYT A% 5 B/ ¥ PES 1EX ES A,

(4) ES 3 SUARYE B W L B B2 B W B B R B (Affected Link Vector, ALV),
BAASFEN ALV SR ENNAETANREE XAERAL, REH ALV f7
BEBAERAAMFTENRH.

(5) ZEHRAUTHEA sink T AKE ALV 5, ¥ORECHNERKRE, #5
ALV fEHEE. R sink W AR BERARS ALV AR R, WRKE—/1 2R
KEF ES HH. ZTREASERIRABRNHEMEBNIAERS, WR—%%
BIHE, THTERSEN 1, BUARTERAEND 0; HPHFEERNLAR
BH1, BN 0. WNTLHEE, & ALV PRI sink 3 SERRE
s R, KX S B A ICAL R BB h 0,6 ALV P HEHRMLELXEEN 1;
St F s, & ALV PHRERGSE sink HANERRED, WHZEERND
ILEEKEEN 1, BUHERHLEXEENRN 0.

(6) ES ¥ HElA AL T sink W ERBMZTRE, REEREIH
ZRRBTITIEE 5RE, NTTHEREERNLE. WRFEHN_TRERIT
BHRER, BRAEN | MERETEINEER, E-TRESERS5ERTEH
£ 1, ES WAKELY BE RANMX TS IR F IR R .

() —EHE RSN E, ES WA B N EEMER, Bk
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BRI AFM LRI BT HEEAH

A B RIBA PGP HTE T A,

SCER[16)-[18)% LVM iS5 S P4 324N B WU IR L AT TR I A
A, FIRETREMNELS T HAELAREMN, N LVM Yr5CE A FE sk s i B AT
TRk, FHAENASRFREFFNMERE. CR39IPER LVM thilE S+
B BERR MRS, FPW AR E A AR A R A R IR E LB
BANSHE B e B R AL B, XY e R REHAT T 00, (HES
SRR LVM DS E o 25 350 i 5 B B g B )~ 23 5 () SE 3R 1K T OSPF(Open Shortest
Path First, OSPF) P % % 58 A7 18] 40ms.

Er ML P i SRR IR AL, SCER[40] % LVM B SG#HAT T 25t H4R
1 T 3E4TH PR 4 R B IT AT (Parallel Limited-perimeter Vector Matching, P-LVM)H/HY
KEDL IS IS AR S, LRNERIFR S LERBEN, P-LVM B
BOE AR S 2R 0 BN SRR — MM E R B ES, REUS
A7 5 BT BB R R AT R @ AL A P-LVM thll AT AB I E ALk
P2 e [ I R AR B 2B A PR A BR B ANFE Rl — I 2 R AE (2 i B, il Z
BB &ELER, T0EARN M TA R ERETEREN, FE—ENR
SR AR B AL .

224 BT RERBRBEEL S %

BIRY LM% 5 5 IP/ATM/SDH/WDM $£ 2, T LUR R ML A
BoRmRRE, EMERIRA, BHEREERSHKIYER LNKE, R
A TFHRERRMAKE. &7 URERNAKEMEZANESE THRE
RGeS RN RBESNVERER, RERNBLMENERTEEHRR
ERE, BABSENERHEREENER, BHik, XTYEEREARTMER
BAERBEE". FHRERNBEARRIMERSE X EHRE, ERRDOTAX
e — MRS SRR LN E, TRRITHRAEERRENE,
HB SRR M RRRE R ECERARE, SRR R4 R
B E B .

SCER[27] 42 i H KRB B S (i U i BR N TP iR B A = 7 T SRR AR,
R, ROk, fAdEREBFRRMNGHE. HfsEaEREA
ZRERER, FRAZRAMENARRITIER (HAERER, WELE, 7%
SEAR) X PR MR R A AL B AT A

HEERODEAEREUEM, REFRLHEMEEETRREAERL
ATHGEER, REMBTOHBRIBAR LRI —E BIEAR R S
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ERIREAF TR BE W EAALE

fishaE, FFEARFREE B R &N F—EETUETRANEERR, ERLH
PR R R R — A TR B N G EF R R, TOsEhridE
AT BE R A NP T G A —HEERAREE T, RIERE RS R,
AARE MR E R R Z RIREBR R, HE— MBI &1 R,
35 I 4% v T A R RO 7= A SRR SR R 2RISR R R BRRR, B AR
TR BRIGIE, A6 MPRAHIE A XA R D & HR N STHR 4 H 9 Do i
Bk, PSR — AR BRI R, BTSRRI AR AT, AT E A
PR A AR A R R AR AL

23EXFNG

AEFBNET ML N IR A R FRIRA L S8 P 2% 5 R
EAINLE], BRI EME SRR AR RS, KBS TR TET
W B SRR R S8 P B AT B AL i, ELARSS R, SEAMHET I
BEERL. m-cycle. mi-cycle. m-trail. SAJBE. LVM Phill. MBWRARIEIERE. R
IR TR 2 e A BB R T P 53 AT HE AR I RV SRR B AL, DA T BRI I 48
A, TERUEN. AERE AR A A SR MU AR, SRR
REELZE. (1) WSS EROL, NEERNRERME, REMERAREY
B3t Q) FHEKE/ME, BFREHREEINEY, ReERlRERMENE: Q)
SEHGPE K TR B /MUE, BN MK SR M e R R BT R O s (4) O LR R
M, BIRESEEAEEEELT 1, NTEEIEEEM.

SCER[13]-[40170 B R4 X 6 P o ) B B AR AT SE AL, XL STRR I3
28 e R HOREAT T 0T, SEARIE AR A BT BB T SR R B A, IR
WA T e RHLEEMEEEPMEERER, RERKENRT MR, Hi
Wk T PRI RS ER, BREATRA, DR T e M SEREENE T
¥, TORA SRS, &M% RE e ERERENMR, AMERES S
BEET, 334t B AR 5 7 Sk A e P4 P () 25 PR 48 Hh ARG L B BRI, R
FEHRNE KB HEEER T HEEET.
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E R K F R0 3T BF BT I8 BB R AL SRR

¥=E BT S e ke E A R

BEEBHANSNRERE, BAERASEARE ZHEA, RAEREY A
40Gb/s BEER, HM%RESRERN, RIBEXNHEEZ R, EENBIPSES
ERAEERW, FEREHEEARPAIKETETERROIH B K E R LRI
RENLE AT T RERIRE. BBV M, Wi R Ry Mk TR %
f, HMEENAZE, FEREHANKEMPLEREEHREXENMCE, E
PATRPAIRE R, Bk, B, RENEER QRN 5 AT RS R B
16 B P48 SR R R BT B R

ANATHN KRR A TR ERA REN, R N AR H MR
VHRITFR, RIEGH LWL, AREER M R4 I 5 kR i E R RS,
GREE R XTHREAMMERE, RERNMEHTHTAREBRSR, ¥
RIE D BE W RS TT SO KM mxn i, FIRFEHT PSR SHE RS
B R T L 0 1 B, R R 5 5E AL 4 h o] i L S 8/ BE B PR

3.1 BBEE R MR IREL

— AR, PSEHTLELS TR ERETHE, MEFEHRRALRER
TE&ER, REPHERHALRENLER. AEGY.E) Rr—MAVATR
MEZHHERE, H—AIRERIMBEILREGEY,E) #THR, WV HRLEF
B A, EARSFHERE, FEICEEHEREERE, TR+ &4
TAS&&HK MMEERR. HHEE ERTREDTRENTR, THZE
HIEBXRIENT R ENE, Bad LR RETkZENEEXRTUEE
R—MEHMLEE, FHit, BE—EMiE, TRUERSHIFRBTE T R
B2 RREEXRRBREA L, FEAREMSENEEE. RiERLRHER,
A B P FTE W R BB T A LA R T Z M & B R R,
SIS I AT RE B R SE A ML P4 R BOBEBOIRTS, AT AR DR P48 o B R A B
R AL .

BRIy DEAHERE B (B) WEhHRADRERKENSE
— AN BRI AT —K, B L — SRR DR A R B R
B, XFER— BB A DRIEIRE . —RRIRR TS RAE D 08 B 1 R A A 1
AT AT, ATRUEHE R FREAERM TR, HEZETULS DR
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ERIBRRFR LRI BT BT A S0 R R e AL R

Tz RIAMEE, B, SEEREHATRAREATANES, BLHE
BDB R E SR —ME R, AR5 L A i e,

BT 38R AL KN A mxn, SEFR BRI 7548 7] DA S P T B A A A
R agEa ™, #ATUERERE GY,E) RiidH iK% E,
FRAFAV ={(,n|1SxSml<y<n} RFTRBLHOLHALE, HREHLRGEE
i, mxniifl FRERAEREN E = {(x, )00, 3) (% =%, || 3=, ) = (1,2)} B
FE={(x, 9,5, )1 (1% =%, LIy~ 3, ) = D)} - HEER (x,y) RORE LB HRTAL
B, WAMHEASE ERNXSENE, BET—SEERT. 5 LN AR5
H: x={2,-11221-1-2 f y={1,2,2,1-1,-2,-2,-1} . HHENFmxnBiff L5
T 5& e R aG, ), HEABLTHLEAMNENG)), BABRLIHEGERIR
(%1, j£2)BG+2,j£l), Bl Ha, =i+ j B, BRI T —NEEMNERq =i+ j13H
a,=i+j+l. WE 3.1 Fiahdl LETHLLHMER R H N8I PrE5HE,
HARREE 0-7T ERA H TS EESPHMNE, RN EAERSE E—/ Nk
BEE )\NMNEEES. ERTHLIEREE LM RZ M, BAZH
TBEEZREHRNEENES.

4 3
Y

\‘
[\

Sy

I~V A
=

//7 N
oM /, \

6% 1

N
<
i

L~

/
| 4

7

B 3.1 WELAE H A DS

FRAE SCER[43)FI[46] F R R TR MEE B, TUEERE mxn il b
FHRU—LBHLRFERB. WE 32@FTRNE 5%6 #if LI R — KR LR
2, S BRMNBEE—AM A 1. 6. 25, 30 AXMERNAMIR)E K, F
HEERFEAMEEERE R %A S A ERER. AFEFERMARDREIRE
mxn A% b3 — K0S B RN R R AL AR R, PR T F R i
PIEEEZE, B 3.20)FRA—% 46 & LB LK E, AHEKN—
MaEOTE B E, BAME LREAN TG RERZA SRS D F.

BENEIRHBYE, T LK R4 P T BB (5 B R BB — & K/ b,
# BAAB LR, BREPHEHRETERE I RE LR RNT
EXRRE. WENGFEAARERNKEE, F4METOERNAEBERE LI R
—&RBNRLRHRRE, FLES—EKMIBE T SRR R G,
R e WA o L B R R Y 5 o Y B R P R s o e R
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ERBRAFH LRI FBZE BTG 5 R R 2 AL SR

WAL | Se e | Al g e

TP [ o ey

e s 60 \

c g AL CSI)

e granesssgveimn N BVE g % S0 S DAY
(a) 5x6 Biff LI KR E (b) 4x6 #ifE ERH LR HERRES

3.2 it SR LRERR
3.2 BHPEENR M

BTM&Rt, TEE BE=F2Z HFEE—ENKR, FIRERLCEE
i, AERARBETME TR, RERE—MMETREEBANIR
ik, HPETRHFET R ER——BRA NI mxn il b, FEEBR
PSSR W R SR Z FNERXR, ANWENESHENHFSREER: &
JEFRI GRS SR E L b Fii e R 5 B, B 2 IR AR R R ALt iR
IR E o TR I 4% o 2 T 03 3 L B B A Y SRR 2 g PR 1 L
BB 2 R Ty AR RE B e A P i 2

321 TR ERBHMMS R ZE

BT RSERMFRT RSHER ERERAR T BT L B #THE, T
EH N ARTTH AR L £ ERONERD, FZRERINREREGY,E) RER,
Hepv ME S HFRAETHEG TR EALY, Eity=N, E=L, B THEH
BN E B LIE R RIA A G PR SRR,

T 1 SMEF, FAEENBASTEROME B0 deg(x)=2/E|"".

Xev

EE: REGHE m&il, BERUWEEFHNTR, PAEEAM SRESEM
1, m#&QEIERE 2m R, B deg(x)=2m.

X€EV

T2 BANE, BEHAFRAT AL EREE.
iR &Y, VARG P EREEMNEREEN T RE, WaEE 14
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ERIPHE KRB0 B=E BT IO 5 R R fr SR

Y deg(x)+ Y deg(x) = ) deg(x) = 2JE|, T Y. deg(x) HBZM, K 1BY, T 2E|

xey xevy Xev Xev,

REBY, WBY deg(x) hBE, B|RELK.

xev

R PGP IR T A ER——RH BB L, §eMNZELaEwEH
B LR AR &N, REEMRENEERT, BREHHZEAY S
BERE A ARG B LR TR U RBAN IR Z RIMAES S, BXUEEHMERD
REPHZEMZHFHRYE. BEBMERITHTR BBRXRALAEGY,E)
HATHIR, FIRXEP SN S TERBMAR, HR R e AL M R R
KB, BARENNABHE— R M mxn it b, Hik, BREMNLEPHA.
HREHRANBSRER, RETHABEEROI RN ELNNEZERIMNEE, H
R T FR:

(1) AHTNEPENTRIRERAG), FHGENMTRERRTABERE, &
T RESABEUTEH even(l), FEBEEN B evenN I 1; EF REEHFHNRE
Aodd(i)» FHRTHENHoddN 1.

(2 RIEEE 2 a1, MEFEEITENT AL ERBE, WEEENEF
MR FEET S AERRENRMENT A, RENEKNTHEN HTHR
g, EHYAEHHEL: SERTATRET RO TESE, FNETRE
TR EESABEEE, HERERMEPHHEMNT JIEAET ARMBMTNA.

QG) ANMEEATERIBNVRZEARBEARBER, EXHRAITHEY AL
BRiEE, WERXHAMNRZERN—&ENER, HiCH addlink (@), FREXH
M RBEES M 1, ERENENFAITERENT SeadbEl, NIR—£E
BT ATENER BB DONBER pG,/), FHRXHEMERERS 5 1,
AR X 4&BEET N SNERS M 2, REEFLITREF LN SKES
d(i), FHIREW S EHHTRFHS.

(4) RIBPE PN OEB BN PR T AT BRI SH, FWRiNESR
d(i) HEE, WET SARMAMNd6)/2: EHHINERLJG) ATE WiZTF A
DREUNEH (@) +1)/2, FEAPETRSRE BE A B nodeNum BifE.

(5) BAMNMEPER ) BAMTRiBTH ALY, EHESMTHENERK
R, MEXNTRARSEPMFHTYASR, BN ASRIEFEEREME
B, MZEN AR, HhERALBMERE. HEXMTEKKNNERHTE
WRHIT R, BEMEPHET SoRTE.

6) RENRENNRERREFESLABRRRENE, EHEER, WNHH
AREOTRERTANER L RIPH—R2ERMN, RERMNORRERDE

20



B R RF MR B=E ETRHEICH R R e i s

BREFER, EXERER, WNEWRARRERTHFE XL RENITH
WA LESERENER, HFEIRNER pah , WIS HEERS, X
B2 LTSN R BB A RETHS path() «

1R3E LRI SRR B A BT i, BT AT NS TH N K B R E
BRI, HERBIRIIFTER—FNFY R E R,

3.2.2 I pEHERR AL

S RHTH AERBOSRE, HERBUERMMNE TR AR —
—BREHEI—AS mxn 8 L, RIGERB TS SR B W AR E—ANHER
& ERSERNENGES, SREMNEPRHERRE. Hit, EREHNNR
RGBT, BN P EMEREEN SR T HR:

(1) AT S4B B K S nodeNum , #IE—AN KA mxn I
#, B mxnWRKTFET nodeNum, 3B RBETF nodeNum F1EEL.

() Emxnif EFR—FHLRHBE, RFRR K0T TR T E] B
)

(3) %8B 7% path FHW BB T parh() BH B FREMBF LR gr2p, H
nodeNum T mxn B8, WEBHITY SBT3 nodeNum /N mxn IR, WHE
B8 1% path B2 AT IN (mx n) - (nodeNum) MBI A, RIEHATI AR, F
T ARS, WEPSNBHERGTR.

(4) ZEUES AR E B A RN AN REEFNETRAERNHRAES, &
BRI LIATE SRR AT MG IR, LRIAMSGGIER, RIS SRR S5
BER, FBCRIETRTY 5 AORR ARG R T LT B 07 5045 o e 4% B A A B

R 3.3 Fim, AR R R % P 4% P A B AN R SR T R AL R AR
1B, ZHH4A adinet[NI[N) FIRAEE MBI BIERE, P N RRME R R4
¥, B degree[]+ node[][] 4 HIF FHERMEF /AT KPELHMT RSB
BE0YERS, —E5A parn]] I THEERNEY AEHBMAREIRIN—%
QEFERENER, Kk _ path[] AR mxn i R HREBRENFS,
fault _label RARINE S REIM NS HIEHE GRS E, findnet _ path() RMAT R
BEAREIR—LBEHEHRIIBREEY, look _maptable() RBR ML)
F&ERSHA LR TKERBRRE R,
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HRIP K FH L3 BT BT QW0 S o B S E £ %

1: Create the adjacency matrix of the network adjnet[N][N]
2: Initialize empty arrays degree[],node[][], path[],kt _ path[]
3: forifrom1toN

4: setcount<=0

5: forjfrom1toN

6: set count<=the non-zero number of the adjnet[i][ j]
7:  set degree[i]<=count

8: forifrom1toN

9:  set nodeNum<=(nodeNum+|degredi]|/2)

10:  forjfromO0to (| degredi]|/2-1)

11: set node[i][ j1<=j

12: findnet _ path( path[i])

13: if nodeNum<=(mxn) then

14:  construct the chessboard mxn

15: forifrom1to mxn

16:  label the knight’s tour path serial k¢ _ path(i]

17: forifrom1to mxn

18: set k¢ _ path[i]<= path[i]

19: forifrom1tom

20: forjfromlton

21: set fault _label <=ixn+ j+1

22: look _maptable(fault _label)

23: return 1

& 3.3 ds e AL AR VRS

33{AESH

% TRATH LK R 7 Be Xt P4 R () A B AR HEA T HERA . tRIERDE
R, BETFHGHED, FZRYT—FRSY AELRMN SR EN SRR
SRy EE ] e PR P TR B A B R I, ARIE SR AR BB AN B A R
FiE, A%i% mesh MZH ) Small. NSF. ARPA2, BELLCORE U7 st &4 p 4% LA
J COST239 M4&3#HT T Wil .  3.4(a)2% Small MR, B 3.4(b)& Small Mk
7% RSB AN BY T SO % 25, PIER B AN BON 10415 I INE 24 44 1
FIRZERZE g0 A 7 R 9 Z RN T — & B Rl (BRI EER), ERET
EA 22 KEEMME 23 &, HPEMERTUERERRNFNMTRZEESR
FEAEHY RS B 3.4(c)R Small PIARRIEH AEHBMNHE FRIIM — K8 M4
T T R R AR
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ERR s K F B30 F=F E TR TCW A P RERE b e fr R

(MR 10 MR, 2488 O)TRERBRAARGE: 4 MK, 23 £ER

020208 0R02020202052020=0
002020202080 020502020
©C)MET AELRGA RGN —% path B2
3.4 Small G RINT BB SR
3.5 Z|& 3.8 4RI NSF. COST239. ARPA2 #1 BELLCORE UFH M4 8t4T
THEEERMASH, HAAHTXUMMEARINEH R RERBRaIRE
BRI RN L R FHRFIM—% path B, HELFNE 3.5 218 3.8 fis, H
hEAN G ARG AT 5%, HARENSTTHET AN

KPS EHmT — e R R KEleEE.

@M 4ADTEER, 20 FEHR  OVAERBRRSRE: 26 1R, 25 KEEH

0202020800020 020R02020
0303020502020 20002020,020

(P BN RGN —% path BB
B 3.5 NSF M it RET RERBMIR
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ERIE R FR LRI BT ETRHA 8 RS E A SRS

410

@M NIAFE, 26 KEH OWRERSALRE: 29T, 28 Kt

02020202 0a02020a0202020202020
ORO0nO0m0nOz0R020R002000R020

()M RSB RGN —% path B
3.6 COST239 MR RILH BT R

o) EERBMARE: 271K, 26 KER

)P B BB S RE R —% path B2
3.7 ARPA2 MR R A ERMS 5



EREP R KF 30 F=F BTl R aERs b e i 5%

@M. 15/ A, &R  OWAERBMIRE: 327K, 31 KM

0203020202020202020202020202020
0302020202020202020202,020,02,020
()P4 A BB IR 01— path B2

/& 3.8 BELLCORE FA%&#hh RIL 1T M B R
% 3.1 2P T MBI INEAT I BRI 2 BT E M RN
BRSNS, WETTTS, B ARPAR2 MZ&5t, MILHTT mE SRR
B, SAMEHIAMUTKIEE M., 55 RM% PR ENERNN L, FER
ENEHEHET SO, URXEFRENRZARRFEEBRERRX, &
BATHEN HZ EAFERRER, NEHTYRERRM) R BT NFESY
AR £ MBI, TIEXHIRIMAMMERI SRS, FREWRZEEF

FERBNEE, WRERMEDERIENED,
F 3.1 W REHBL BTG KN B

- s Small | NSF |COST239 | ARPA2 | BELLCORE

SBHHE | 10 14 11 21 15

AHENR | 24 26 29 27 32
gk d 1 4 2 1 3

SRS T AERBRNIHE, IR—FLLTEVRNERNEE RE
FRE 5 BUJE BRI AN SR /B R AL, X IR R TR A
Bl SRS T —— RS, R NHEARSTR. NE 3.4 R Small P&
T A ERR A BEHE 24 N AR 23 5K, BETHSREH Small PHHE
SR B B 4x6 Bt L. 3R 3.2 % Small N5 4x6 HEMESMHEE, A
R UEHPMETHELERURAINERHEN T ANER—NRMERT, Bt
LMk bR AR, RIEENGESRENHEEERSRER, ELERAES
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BERIERRFTLRI B=E BT RQH0 R R SR

BRETR, W DAME— i R R B i A A B
# 3.2 Small R4 5 4x6 HLAL IR
E | B | S| YR | BB | 5| WA | B
o | o6 | 9| 8 | 89 |17] 8 8-3
6 | 61 |10| 97 | 97 |18| 3 | 34
ro| 17 |l 7|78 |19 4 | 45
7 | 76 |12| 8 | 86 (20| 5 | 50
0
1
2

¢ | 65 |13] 6 | 69 |21
5 | 59 || 9 |97 |22
9 | 94 |15 7 | 72 |23 23
8| 4 | 48 |16 22 [ 28 (4| 3 | \

% 3.3 4 NSF M4 S M#H AP R, BT NSF ME#THRERBAS R
ERE 26 MR, SHEEREXTFHENEEA 28, BIHY EHROIR
JEHIFTE T ARG B a7 A b, FIRERERS 2-1 ZEEMPRATERT A,
FI A R LRI B, SR PSR AR BRRRR,  LRRT IR T R E AL
KRR AW, WNRFATUUES, B 2-1 #iBsh, REBRumyamE
—RNE4 S, FETLUREENGE SERNGRERERSES, TUE—HER
AR, TOSRNE SRR MM SERA 25, 26 27 i, KU 212
[B) S A b

0-1

1-2

Gl v e v o |= |da

# 3.3 NSF W% 5 4x7 HAtHmes

BHA | B |2 VA | HR |5 R | R
1|7 | 78 || & |812421]| 5 54
2| 8 [810{12] 12 {129 |22]| 4 43
3110|105 |13 9 | 93 (23] 3 30
41 5 | 511 |14 3 |34 (24| O 0-2
51 11 [11-13[15] 4 | 46 |25 22 | 22(0)
6|13 [ 139 |16] 6 | 67 |26]2°(1) |2(1)-22)
71 9 |92 |17 7 | 71 |27] 2@ | 22+
8| 122 |1211 18| 1t | 10 [28) 1 \
9|1’ {11319 0 | 02

10( 13 | 1382 2 | 25
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BRI EAFR LRI

B=F ETHRDNH S0 e i 8

% 3.4 COST239 M5 5x6 BLA MBS R

B VR | BB |5 WA | ER |5 WA | B
1| 8 | 89 [11| 3 [32]|21] 5 | 56
21 9 |o910|12] 2 | 21 |22] 6 | 67
310 |106 |13 1 |10 |23 7 | 73
4 6 |69 j14] 0 | 02 [24] 3" | 310
50 9 |90 |15 2 | 23 |25] 10 | 105
6| 0° | 08 [16] 3 | 34 |26 5 | 56
71 8 | 81 |17| 4 | 42 |27 6 | 68
8| 1 | 14 |18] 22 | 27 | 28| & |87
9| 4 |45 {19 7 | 70 [29]|7°() | 7(1)7
10 5 [ 53 [2/| 0 |05 |3]|7 \
# 3.5 ARPA2 Pk 5 4x7 B IR ST R

B WA ER |5 | VA& (5| TR | #R
1| 0 | o7 |11]| 14 [1415[21| 15 | 1518
2 7 | 76 {12} 15 |15-13| 22| 18 | 18-19
30 6 | 65 |13] 13 |13-12]23| 19 | 1920
4| 5 | 54 |14 12 | 127 |24] 20 | 2017
51 4 | 43 {150 7 | 78 |25| 17 | 17-16
6| 3 | 30 |16] 8 | 89 |26 16 |16-10(1)
71 0 | o1 |17] 9 |910]27]100(1) | 10(1)-10
8| 1 | 12 [18] 10 [10-11| 28| 10 \
9 2 | 25 |19] 11 |11-13

101 5 | 514 |20 13" |13-15

% 3.4 F|% 3.6 4 5% COST239. ARPA2, BELLCORE W 4% 514t g AR B
%, $th COST239, ARPA2 MR FEMATH B HUB AR HIA 29,27 M R
Bt 0 X A P4 23 B I — AR B U ATREELA BIBRAT B 5x6. 4x7 B L.
TOREAT AR BB 4 845 1) BELLCORE M4 4 32 MY R, BT E S mE

R R L E R AT B 4x8 #L4E |
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BERIPHERFR LR F=F BT IR 2 B b s L SRS

# 3.6 BELLCORE M5 4x8 BB R

Gi | MBL | XML | g8 | X0 | XIRE | S | RIRL | XN
AR AR AR AN
1] 3 | 312 |12 10 | 107 [23]| & | 810
2 | 122 | 12211 | 13| 7 | 711 | 24| 10° | 107
3|1 |13 {41 | n6 25| 7" | 78
4| 13 | 135 |15] 6 | 65 [26]| 8 | 80
5|5 | 514 [16] 5 [ 511 |27 0 | 09
6| 14 | 144 [ 17| 11 | 116 28| 9 | 9
7| 4 | 43 [18| 6 | 67 |29 ' | 12
8| 3 | 32 (19| 7 [ 71 |30]| 2 | 25
9| 2 | 212 {20] 1 |10 |31]| 5 | 54
10 12 | 121 |21 0 | 09 |32 4 \
1| 17 | 110 [22| 9 | 98

# 3.7 M4 T bRE R () 2 L I (8] (ms)
ID | OSPF | Small | NSF | COST239 | ID | OSPF | Small | NSF | COST239
1| 40 | 1042 | 3271 | 1589 | 16 | 40 | 27.57 | 54673 | 31.168
4206 | 7477 | 6262 | 17 24766 | 51402 | 29.533
6542 | 13.084 | 9766 | 18 21.028 | 38318 | 26215
7944 | 2243 | 11589 | 19 17.757 | 33374 | 24.159
10.748 | 23.832 | 13.505 | 20 15421 | 30374 | 22430
11682 | 2757 | 14766 | 21 | 40 | 11.682 | 21.028 | 18.224

&8 |8 (&
81818 (8

O oo | |vn | |[w v
S
o

40 | 13551 | 31.308 | 18.738 2| 40 8411 | 15.888 | 15421

40 | 16355 | 32.71 22.103 23| 40 | 4673 | 13.084 | 13972

40 | 17.757 | 34.112 | 25.421 24 | 40 \ 8411 10.561
10 | 40 | 20.093 | 36449 | 26916 25 | 40 1477 7.009
11 [ 40 | 21495 | 38.785 | 29.720 26 | 40 5.14 5.140
12| 40 | 2383242523 | 31121 27 | 40 2.084 2336
13| 40 | 25234 | 53.738 | 34.907 28| 40 \ 1.402
14| 40 27.57 | 56.542 | 36.729 20 [ 40 0.701
15| 40 29434 | 58411 | 33972 30 | 40 \

% 3.7 HFI AR LI LR Small, NSF. COST239 M4+ & £ Al e th M
RE R B E R E], e FAES M R AR, FER % B A P BRI E R
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E KR KFEH R BT E TR 258 4R R

K/ANHEATIRRES, B3 A5 BRH e e TRl HAP, BT NSF M4&H

B A i Al OSPFY MMM Ay ik 2 £ B[] 40ms 4, Small. COST239 R4

RS ) B K S 67 AR 1) 38 /N T 40ms, 17 ELIX =PI 4% (4 F-38 2 AL 18] 43 508 16.05ms.

30.243ms- 18.763ms 3K F OSPF ¥ ) 40ms, Bk R FEEH MR EBRNESY

Wk 2% PR BT R B BB A 2 BRI AR AP, )BT i AR K 5 A I A P B X L 7)o

SCRR[20) 4R B S R E AL R R R A A B B B R B R K

MSAEZ R, BR—NRHERIALRAEGY,E) KRR, HPV RMENE, ER

ARG . HRERESES, NETUEsRE—ERENES, BREA

C={c,,CppsCy ) RABE GV, E) B RIEHEIES, HACRFBESTHE

ANBTE, EBGFHELildecE, MACE) = {i:eec}ERBCHEBEFHER
N, HEENEREREEKER:

M L

len(C)=3 | c; 1= Cle))

i=t =l #(G.1)

T A< 25 A B B Bt i B s L SRR, TR B P BRI 5 S e 0 P9 % v A IR

AHREEXGER, Bl ERBSUS R REERRITEA, RZALETME

PRERE, n AT AAREHNAEDERRE, BRERERKENR:

len(D)=L+ 2 addlink (i)

P #£(3.2)

% 3.8 W {F BB S ENA TSR Small.NSF % 1R FIZE M E m K

ftbE, WERDTUEY, BESERMATEENHEESKEANES, B

2% ST S A SRR AR M PR T P48 B UR T4

R 38 HEHARKE
Small | NSF | COST239 | ARPA2 | BELLCORE
43 40 56 40 55
23 25 28 26 31

3AXENE

AEHRLRHFERTINBEFEHEEE D, IR PR M b AR
R S O ) R A SR o SRS B SEARIE TR LR R, BRI PIAR HRE RE RAR AL,
3 BRH—H RSB A BT EMNS B AR, FREERNSSHE
Mg AB R, REFARNESERMEPHEEERER, Bl ERBSRY
KAWL R AL E . FINRY mesh ME5H 2 RFBIRINET T 01T
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BRI AR F=E ETHR 2R SR E i A%

Flgn%t Small, NSF. COST239. ARPA2. BELLCORE P4 o] R tH B A AN B
WA TLHEAT T REAL, FF RS b e AL (B i B B S AN AT T
7. (HEGRRY, Frik vE R T ek i e Mt BN OSPF Pl B
SEQLIS (8] 40ms, HBBE R KEAN P TRERHENERELGKE. B TAEREY
F AL SRS B AT 8 W0 R T RE B R A B 4% b I i P e B e A, ERILAE
PELEY 355K % R BR A E X MR s AL A TR e, AR T DUE I s — e SR 4
4, ZERE SR E AL A RIRT, BT CABE— 2530/ PO 45 d e s oL By B KB 1)
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ERIPRAFH LR HNE ETHLEHL SRR

EME ETRHTKIEYS ERREREE A

MR T RTTEL T ERREMEEFERRNERER, &F
TR A M R, (1R P4 R A R A = A B KIS i R AL S W,
Bt FIREE M MR E A Z RN T B/ ER, TRk EL2
(RIEMS N ERREA M, FUER., R SRE AR R RE PSS
RATSIRAKRMEERE, 1 RABEIMSOEREMTERL.

S % Y PG o ) B AR SR AL, R R PR B SR o S0 P 4 o e
TT o, FEARTEAIR R EE BRI AT SRR E AL, RIE R T WP e AL
BURIZENEEEFHEERR, MR EARFIR, HREN T EFHOHA
PEHIE, DIRHIT O PSSR A B ELE, PR S FCER X
B AR REAT RO AR R, MTOIA B PRI S8 I AT H . 2R
BUA % TR e 38 () SCHR PP X 45 ) 2 R LRI A R Z BT, BB RAE B
BN, Xk E MR R 3RS S A R ARE ., AN, THEs
FRG T RER A RARE. Fit, $TREPEHEEMHRANERE, F
BRM T R RIE A2 e AL

BB LR, KRR —F SRR A, R AU E SR
£ R E AL PR, Fo4l P4 o T 5 AR Bl — R IR mxn i
# by REESEEUESY AR ERIGESER, BAWREBIH
BT RRT: BRI HR ILRC T ML P IR iRt B . (TR RRY
SR e RO AL P4t LN B R BEBR AR, IR TR T e ALALIRY
EH AR E R

4.1 BRI ERE

B A — MRS, B3 BT UREZN R 3 AT Y Z FIER,
B Bk BT CAB A — A ZTER RIS R ER RN P4 P 4 AR 2 ] SRR
MAEELRY AU ERERNKE. HF-DEEV MR E KEEREME
i, TUEAZTXROEREGY,E) #iT R, EIHESEERRRTE
REHPEANT ARG R LHBZ ANEEXR. REEGRE, B ERARATH
2 (A AT LA B MRS R R, Bk, FIRH B A% R L
FRAFTRZAMGEERR, HP, BA LR B MEEXR TS
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ERIRERFTRI FWE BT TR S wER e Al

FIRAXHENTAFLRER. BTN, Bd—ErhE, oTUENEHRIFH
TAMERZ ANEEXRRBIME L, FARIENENEE B, BERL
WHER S, AEHMEHHIFTE Y MRS AN E U R TR ZRNEE
OpkzR, BB LCHITERLRUMNE T RERRAE, TR
22 4 B i S o 19 R

HHkEms N LR HE S RS, Bt (D) KBHEN D EERANS
— Ak LR EEE—K, BTGP ERDEH MR ERERRH R
IR — &SRR A BNEE. NS SRUREHETH T REATIRNES,
B AT S ERINES RN —AME R E, FIE R D R R a %
AR R R AT T, ATAEHE RS FEN RN TR, MEZETUETHE
KIS T2 8 DL AR,

ARAE 3.1 HheE R B i P 4 A Y e it B R B IS OB, ATANR L3R mx n it
B, BERTATEAT jIIRE N aG, ), F26,5) AELHNE, BTFIHEE
BPRG+2j2)RKGL,j£2), Bl HSa =i+ji, BTN EEMER
a =i+jt38Ma, =i+ jtl. FHEERANHEIICEIEHA FHRETEREN
B HOAE, XA RS MR AR R, EIek M
W AMERETHERANESETHRN, RATTNREYE, THMSESH
HUSHAFENRE S RMTREEANZILRNAE, AR L8 A4
HIR . WA 4.1 B AEHE POIRIFR 3X3 #8 L pTE ik i ik
BB, HPREHTRABIEEGTROME, ZEEAEHE ERERTRE
KT R A B A R R B — AR EHERE, BREAPHEMENTKE
KA, WIARGS IR —FEHHE LA TR 0REEREER, Wil
EEMZ IR SHAXRMBSTE, o UREBFRRGHE LR R E S5 R A
B, WTmEE 2 ks kR REHE.

N

L

N

4.1 HAEPORFMY 3x3 B A% KRS
WA 4.2 FiR, AEHERFK 8X8 #i# F FRIMNB L KRN S LT
B, FRPOEFARLEIHENNDEWFRE, 57 1 KA R RN

kY]



BRI AFH LRI ST BT LR D BB e AL

FRIAALE, BIPRERTEARTEILRNCE, BHENRER. W& 4.2 Fir,
EHERRAMN 8X8 B b, B 420k —£F LRI, WE 420)R—%%L
W2, HEMEZ AT EE R B MARARR, Eice
PURIEAR R TR R B2 15 10 AL B R B M 48 5 AR 2 (6] Br i B IR
SRR, MNTIFRFBENG LEHBRE.

5 |26 | 11

12 6 | 25

16 {27 4 |13 |10 7 |24

28| 3 | 14 33 9

15 17 8 | 23 | 32

18129 | 2 | 21|34 |31 |36

19 | 30 22

1 (20|35

(@) AR - OC g el Bt T
B 4.2 AR 868 BLE EMTHIUT

TR Rt SR R, IS — S MR R LUK P e R
HAER Z s BB A RATHR, AERMAR IR TTRMERIERR
B E, b, RSSERHAN AL A RAE T B B B i L A
FIRBERERBN T RRRE . EREPEERBEER, Bariis b33
HIFTA B LR B R AR LA U 2 DS, FRREAAR LK

I HIE S O G, OB AR R o 2 B B S L

4.2 Z P B ALALH

fEEA SRR IAE AT, HBESRANEEAETRUBEME
RAEHE. RSEEEEEEMEE, MXSHERie SRR RN
48+ ) B R B R HEAT AP AT RIS L, TR PR B0 25 R ) B LR A Y A
3 BB SCRRFR %S P4E 25 B M A S L AR AR D, R TR LR iR A
BAE, AR T —MERT NS HRE S R . 25w
REALEI e Se R A MEE B RRRE, 3 FITTH S 7 R M4 T BT 5 RT3
HHRAMBAE b, REFARIGESREMS &S LERNTERES, BEET
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BRI KFR LR SR B TR TR0 2 R R OE Rl

HRILAHERE TR EHRNER. ATETH, BEEFRUNSHERTE
BUBI A T B: Wit FTHRME. FRE. LR,

421 HEHARFHHNTHR T E

B ETUREENFMZ MBRAXR, FHHATUER ZTXRERERTM
4%, Bz RN EENEMBR, HEAREMNIMICHZR Y % NEHEAH
EIEEE S RN FTRAED S HENXRAKE, SEBERMETITA
Best Bt EROMMNATE, MY RZRIKERAEE LR TRZEBaRES
RER. BRKTRPTE Y ARNEBE LR, A EERMTERNEREAFILE
PR, I LREHE, 8 E R RaRD SRS T RIMNETHE WA
B RHEEXR. BHEAREGHMTHESZTENIRO TR, PhixdE
AT M4 % M E AL HLHI AT AR M TR S B B
(1) Bt E AL
1) BidA BN, FitNEPRENT R ER4G), FRE
W AEBNINET R, RRTENSRHTAEREN.
2) WE—AKDA mxnE, HF mxn GERTRETREHTRE
BEM, R mxniBPEANTROEED SN

Q) WTHZH B
1) HREMETT AERR/MIYABEINTHEES PP, EFESA
ERHRRNTA, NESNARSRMITRBAEEPF, AHEKSP
A EMER T RBANEREE S P,
2) FHRES P HFAEHAG) 5HRNEED SN B RRREERT#,
RIEH S BBRET KD, HBEH RN RS HEE T35S
MMM EAAFEE, P ANERSHBART B RIS AR
HEEE, R T DT E RN HRE BT R,
3) FHEESS PHAMERMET R, BPHHWAS, XL AR
B S, AIFRS P AELERDH AT ARTB/ITRBE P F,
B E—A ST P R FR IS ST TS .
4) RELTEORTRETE, KRGS SHTNTHREZEE P T
B4 TREFHFET A, REHANMTHRE SN SERE LREE
LEAMERERT 2, HEXEHAHGEDSMET 2, HETRHEE
Oy ENFEEIREIL 8%, WAHRm—&&5%5D.

RIE L RS BPHMTHS S E, TUHMERNEHTHNEAST, HHES
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ERBEAFHERI FNE ETHLKRHNDER e

BB ANERN. WH R mxn B2, BT AT LR Rk A e AL ) B e
WHRREBE EF R LR E.

4.2.2 % EEREMPE EL

AR A AR KM HIP TSR R M T B B mxn 5, Bl At
REZEFRWGES, REHRUMEFRERBROTIERE, £—€rrEEAHN, B
BT AT BB A AT RE R ILAC, MTAINTME AT ae i R i pasERe . 3
hEHENEEMT RO SRR, BRLENR, HedBm TR

(1) HHFHB

1) WM& F A BB FEE— MRS NLQ(Network Links
Queue, NLQ)¥.

2) EENZFHEANNAESNBHTR, FEEK RERRERIGE
BHRENR. .

3) RENLEE ARG S PFELT SR BT ARERIES, HPE
AESHETRENTRSNBRBKERR.

(2) HERRILACH R

1) BEMFEBERAREHARENTENER, RIEXBRKENHMIGRE
—MERP, EARPHFEMARKENBRR, WEET RIS
BIBAERRNE—IT, BB —FEBIOTHERFEE— TR
BA%I ELQ(Executive Links Queue, ELQ)¥ . 1, it BOLBMERS
RERABRKENFE—CENER, EXARKEXTRE NEEE
Fixk .

2) BERPHEHABRINEE —FBRITHRILE, WRRKARENL
BRI, WKL MR fE 47 ELQ .

3) % ELQ "HIFH #k 5 NLQ T HISEEREILEL, & ELQ 5 NLQ HHIAT
HEERRHR, W M%EREE; % ELQ KA/ T NLQ MK,
#B4 ELQ kb NLQ Hfk/b iy i B W A P 4% r R B

43 HETRLREEREM NS+ L EREENREE, ZREEEST
FEME P EM S HREBENIHL. Mg, FURTENMMB. EEMLME
HEER, HATERNERMANNEBIEER, BN R SRR [ KT
X%, FRARTHEZAEN B RNEHITHERS, RERARURGES EANEF
HER MR . K, REERON,RINEPE AT ANEER, H it
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ERIEAFHLRI HNE ETH RN R LS

& ER AR EED I

A B AR '

h 4

KI5 R: G(V.E)
HaiEm=nBif

a5 il
BEHEHEGHEAN
#: Ne=H;

v
] . , #HH i Ema iR O H
Wﬁ"“"f;“m'fﬁm%”‘ T, HEERMTHEN
P

Y

WERESHaeNMRE |
AR mREHHES

EFURICH

HABBAER, FEERK
I BLPURZEERIE 1T

|

i+, INTFRERPRLEANK

| ELOBASY: FHRLPINIATA N
B R SLPil) S C R

FLELQSNLQR H

1o P P AR MO

ELQENLQiR Dy ERE B 2y M
- Rob (573

B 43 ZHFEEMREE
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BRI ARFR LI BNE ETREGHNS RS

423 BREREST

X T4 RHINE T LAMER T 0 B G, E) #THiR, HAV RPN R,
E RMBRERE. FEVHRUMER, A THERMSEER, SEMEH REmER
¥, URNE SELEH, 3 EFERENE R/ mxn B RKD. Wiz
AREMNEREEANOV?), o RtERAY, WZNBREERREIRRER:
IL=V*xa £(4.1)
ERTHZEE, FEFESMTASERANTRNEED S MELE,
EHEENTEAERANGKE, CHRELBRBEYRSHE T —B%Kask
DHAS. BN AP R EEER, EIN,)WREREYTREY Wi
BB R A
T,=V x E[N,]xa R(4.2)
ERBWE, ATHRIERNY SRBEARBEERMRNES, ZEfblE
S FI7E 4% T3 e B K B S M I — B A SR RAE e B B A 1B ). R B AR
¥ Bl RS BEIR, E(d,, ] 0 ML M PR, MR B R R 2B 0 -
T=(Eld,)x B £(4.3)
FECRME, BV ERERERTOAREN #HITHRILK, HIERTH
A BB, Bitn, AERTEMEOLERE, FRERTFENR
ENBEESNAL L, WHAEXHERBRLENEREAOLL,), BHLER

& ILACH BT E R b O(Eld,, ) » AT BRI a B IR
T=n, x(E[d, I’ xa)

K@.4)
Bk, 5045 5B R B R R R B A
=V2xa+V x E[N,]xa +(Eld,]+1)x B +n, x (Ed,, ] xa)
=(V*+V xE[N]+n, x E[d,})xa+(E[d, ]+1)x B R(4.5)

TR MBS BRGNS, FEAMSEER. #R. RIS E—EN

FEREZEI, ZERISRILB B R MR IR A
S=V+mxn+E #£(4.6)

F M EATABRRDHZRRREHR OF), O(mxn) REEFFEH
BEBD AN BMZRERE: OF) ARFEMETHRE IR, MRS
BASY NLQ BIK/.

FELRER B, BRPHFEn, £, BEUBITHKENE4,], BATHER
BA%Y ELQ MIZIE BRI H O(E), WiZM B BRI MR N:
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B RIR B KRR 183 HUE ETRLCHND SR EALEH

S,=n, x E[d,, ]*E

H@.7)
DRl 7 P4 AR e A R AR P 7 L B ) 2 ) RN«
§=§+S,
=(V+mxn+E)+(n,xE[d, ]+E)
=V+mxn+2E+n, xE[d,] X (4.8)
43 PERESHT
4.3.1 mesh IRME B L ERE

W& 4.4 Fi7R, mesh BARFHE MXN M A, HA M. N £5R7R mesh #
RRITEFFIS, TEX mesh BRI Ha R 8 H BT T E LR,

085608

E 4.4 MxN mesh *ﬁﬂkﬂ

1% mesh PI48eF 135 A B0 B B0 SRR ALAR B0 (v, ) B (x5 0,) » BT
3 B (4 ROEB A E AR

dy _de _x5|+|yd_y!| A4.9)
BT, AR E B AR E AR L, E AR RERE
P(x,=m)=P(x,=n)= %, VYmn=01.M-1

P(y,=p)=P(y,=9q)= %, Vmn=01.N-1

(4.10)
AT EE H AT AR R BUERER A
P(x,-x,|=i)=> P(x, =k)P(x, = k~i)
k
Ply,-y|=)=Y P(y, =k)P(y,=k-j
(SPRSAES)) ; (ys =k)P(y, =k~ J) a1

A, XHAY %E‘Jéléﬁ%ﬁﬁﬁi‘)ﬁjb
M -i) )= M+1

Elpr, - x,[1= Z(M(M =3

_~-l 2AN-j), N+l
]"§ (N(N 1)) 3

E[ Vi —Y;
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